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BUILDING OUT THE INTERNET

Every day people “surf the Internet” without contemplating what the Internet is, where it came
from, who isusing it, or what will become of it in the future. While it is unnecessary for the
typical user to know all the details of the technical operation of the Internet, an understanding of
the structure and origins of the Internet provides a basis for understanding the issues and
constraints that we face as alarger share of our day-to-day activities moves online.

This section provides a brief, non-technical overview of the Internet that describes:

The Internet’ s origins as atool for government and academic researchers to link to remote
supercomputers and communicate with one another, and its subsequent expansion as new
technologies made it easier for non-technical people to use.

The global reach of the Internet and its rapid growth in terms of the number of computers
connected to it and the number of people using it.

The rise of commercia activity on the Internet.

Steps being taken in the United States to ensure more widespread access to the Internet.
Potential constraints to commercial activity on the Internet such as security, privacy,
reliability, and the development of a predictable tax and legal environment for electronic

transactions.

I ssues posed by bandwidth constraints and the technological advances that may ease these
constraints.
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THE INTERNET: AN OVERVIEW

Today’s Internet is based on a commercial system of network backbones (high-speed data lines)
that originated in U.S. Defense Department research during the 1960s. The Defense Advanced
Research Projects Agency (DARPA) sought communications technol ogies that would enable
undisrupted communications even if magjor switching centers were incapacitated. This effort led to
research into packet-switching technologies that, in turn, led to the 1977 development of two
packet-switching protocols—the Transmission Control Protocol (TCP) and the Internet Protocol
(IP)—that are fundamental to the operation of the Internet.

Packet-switching differs from circuit switching, the technology used for conventional telephone
service. A circuit-switched system opens a direct circuit from the message’ s origin to its
destination. For example, a person making a phone call from San Francisco to New Y ork City
gets a unique connection across the network for the duration of the call.

In a packet-switched system, however, a message is broken into chunks or “packets.” Each
packet isindividually addressed and routed across the network to its destination where the
message is reassembled. Packets that do not arrive at their destination are automatically
retransmitted. Packet-switching is conceptually similar to the way the postal service works. That
is, each letter or postcard isindividually addressed and moves geographically from point to point
asit travels towards its destination. Two postcards mailed from a post office in San Francisco
may take different routes to New York City, but once they arrive at the New Y ork City post
office they are assembled with the other mail going to the destination address and delivered. Each
packet is like a postcard (except that a packet is only part of a message and a postcard is typically
acomplete message) and network routers are like the mail stops along the way.! In a packet-
switched system, packets are routed in transit and thus can be routed around congestion or
falluresin the infrastructure.

Another key step in the evolution of the Internet was the establishment in 1986 of severa national
supercomputer centers by the National Science Foundation (NSF). The NSF funded a network
to link the supercomputer sites and offered to let regional and university computer networks link
to this backbone. In addition to using the network to remotely access the NSF supercomputers,
the research community developed applications, such as electronic mail, file transfer protocols,
and news groups, to facilitate information sharing with colleagues.? The linking of university
networks to the NSF backbone network, initially to gain remote access to the supercomputer
sites, was the genesis of today’ s Internet.

Network traffic grew as the Internet expanded and evolved, but it was not until the development

of the World Wide Web and the advent of graphical Web browsers that the Internet began to
generate broad interest outside the academic and government research communities. The World
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Wide Web protocols for transferring hypertext (a protocol for creating dynamic links within or
between documents) via the Internet were first used in experimental form in 1989 at the European
Center for Particle Research in Switzerland.® In the early 1990s, the National Center for
Supercomputing Applications at the University of Illinois used these protocols to develop a
graphical point-and-click interface called Mosaic. Mosaic, the first of the Web browsers, made
the Internet easier for non-technical people to use. In the wake of these developments, the
Internet began a phase of rapid expansion that continues to this day.

I nternet Growth

The Internet isinternational in scope. While the United States has the most extensive Internet
infrastructure, almost every country has some connectivity. The level of connectivity varies by
country—ranging from e-mail only to full Internet access. The United States has the highest
number of Internet hosts, although Finland, Iceland, and Denmark have higher numbers of
Internet hosts on a per capitabasis.* English is the dominant language of the Internet and is used
for approximately 82 percent of Web pages worldwide.®

Two commonly used measures of the growth of the Internet are the number of hosts and domains
on the Internet. A host is acomputer that is connected to the Internet that has a unique Internet
Protocol (IP) address.® A domain name represents a record within the Domain Name System,
such as whitehouse.gov. A top-level domain refersto the final section of an Internet
address—com, gov, net, org, and so forth.

The number and growth of Internet Table 1. Hosts and Domains Advertised in the

hosts and domains give us a rough Domain Name System

estimate of the minimum size of the

Internet and the rate at which it is (thousands) _

expanding.” The number of Internet Hosts Domains

hosts increased from 1.3 million in Date  Number Growth Number Growth

January 1993 to 195 millioninduly ~ (UI-97 19540 21% 1301  S57%
Jan-97 16,146 25% 828 70%

1997. Over the same period, the

number of domains—names Jul-96 12,881 36% 488 103%
registered within the Domain Name Jan-96 9,472 43% 240  100%
System—increased from 21,000 to Jul-95 6,642 37% 120 69%
1.3 million (Table 1) ’ Jan-95 4852  51% 71 54%

' ' Jul-94 3,212 45% 46 53%
The statistics on cumulative Jan-94 2,217 253/0 30 153/0
registrations for the com, net, and org ~ [PUI-93 1,776 35% 26 24%

Jan-93 1,313 21

top_l evel domal nsprovi de additional Note: Growth rates for July 1995 forward based on non-rounded source data.
evidence of this growth. Network Source: Network Wizards http://www.nw.com/

Solutions reports that the net
cumulative registrations for these
three domains increased from 7,100 in December 1992 to 1.5 million in December 1997.8
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COMMERCIAL ACTIVITY ON THE INTERNET

The number of commercial top-level domains, one indicator of commercial activity, grew from

27,400 to 764,000 between January 1995 and July 1997.° The existence of a business Web page,

however, does not necessarily mean that the Web page enables commercia transactions. Some
sites are smply a brochure for a company that conducts business offline, while others are full-
fledged store fronts for companies that exist solely on the Internet. One 1997 survey of large
firmsin North America, Europe, and Asiafound that 98 percent of the companies surveyed had
established some commercial presence on the Internet, but only 47 percent allowed interactive
communications and only 15 percent engaged in full-scale business over the Internet.*

Nonetheless, commercial transactions over the Internet are expanding—at arate that is too rapid
to gauge with precision. Forrester Research, for example, estimated business-to-business

transactions would grow from
$7.8 billionin 1997 to $326.4
billionin 2002.** At the close of
1997, however, asingle
company, Cisco Systems, was
already reporting a run rate of
$3.2 billion in network
equipment sales from its Web
site.” Early reports of 1997 year-
end retail sales online also
suggested strong growth.

Many companies are also taking
advantage of Internet protocols
to create Internet-like networks
for company-only use (intranets)
or for use by the company and its
business partners (extranets).
Intranets and extranets connected
to the public Internet typically
are protected from unauthorized
access by security programs
known asfirewalls.

Text Box 1. Examples of Infrastructure Technologies

Hardware: Semiconductors (microprocessors,
microcontrollers, memory and specialized logic chips),
storage devices (disc drives, tape drives, cd roms),
batteries, display technologies (cathode-ray tubes, liquid
crystal displays), transmission media (coaxia cable,
twisted pair copper wire, fiber optic cables, switches,
routers, antennas, satellites) remote access devices
(modems, cable modems, wireless modems).

Software: Operating systems (desktop, mobile, server),
Web browsers, search engines, security software
(authentication, authorization, encryption, firewalls),
system management software, languages and software
development tools, middleware (transport stacks,
network operating systems), database management
systems, groupware software, workflow software.

Services: Online and Internet access provision, wireless,
wireline and satellite service provision, message transport
(value added networks), Web site devel opment.

" Therun rate is the annual rate of sales based on salesin asingle month; in this case December 1997.
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The development and expansion of the Internet and Internet-like networking infrastructures that
make electronic commerce possible are the result of new developments and the converging
technologies from a number of hardware, software, and services industries. Private forecasters,
such as Forrester Research, Zona Research, and International Data Corporation predict rapid
growth in revenue generated by these industries.

The amount of venture capital
funds pouring into business sectors
Figure 1. IT Sector's Share of U.S. Venture associated with electronic

Capital commerce provides additional
evidence that investors anticipate
continued growth in these
fg"""s of U.S. Dollars industries. The share of venture

capital going to the information

technology sectors—Software &

10 Information, Communications,

[ 1T Venture Capital CompUter & Pe”pherala

B Total Venture Capital Electronics & Instrumentation, and
5 Semiconductors/Equipment

industries—has increased as a
share of overall U.S. venture

1995 1996 1997 capital (Figure1). In 1995, these
_ _ categories represented $3.3 hillion
Source: Price Waterhouse Venture Capital Survey. (442 percent) Of a.total of $76

billion in U.S. venture capital. In
1997, they accounted for $7.1 billion (55.8 percent) of $12.8 billion in U.S. venture capital .*?

Constraintson Commercial Use

Individuals and businesses cite a number concerns about using the Internet for commercial
purposes. Businesses have raised three potential inhibitors to the widespread adoption of Internet
commerce: (1) the lack of a predictable legal environment; (2) concerns that governments will
overtax, overregulate, or censor the Internet; and (3) uncertainty about the Internet's
performance, reliability and security. Consumers cite concerns about security of transactions and
the privacy of electronic information.
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Businesses

To feel comfortable about using the Internet in communications with its suppliers and customers,
a business needs to be sure of the identity of the party at the other end of the transaction and that
any agreement made electronically islegaly binding. The U.S. Federa government supports the
development of both a domestic and global uniform commercia legal framework that will
recognize, facilitate, and enforce el ectronic transactions worldwide. Internationally, the U.S.
Federa government is working with the United Nations Commission on International Trade Law.
This group has completed work on amodel law that supports the commercial use of international
contracts in electronic commerce. The Federal government is also working with the International
Chamber of Commerce, which has issued model commercial code guidelines.

Companies aso typicaly transmit confidential information on aregular basis, and they want
assurance that these transmissions will remain secure. Today, a business verifies identities with
passwords, electronic signatures, and Internet Protocol (IP) addresses. Discussions are underway
to develop greater security on the Internet. Topics under discussion include encryption, digital
signatures, and digital certificates.

Encryption—A technology that encodes a message before it is sent and decodes it when it
isreceived. Encryption used to protect a message from unauthorized viewing and
alteration.

Digital Signatures—An electronic version of asignature. One of a number of signature
alternative technologies, it uses cryptographic techniques to verify that the person who
sent the message in fact sent the message and that the contents have not been altered since
the message was sent.

Digita Certificates—An electronic third party "voucher” that a message is authentic. This
is conceptually similar to paper-based certificates, such as birth certificates, passports, and
driverslicences. The certificate (e.g., adriver'slicense) issued by a credible third party
(state government) indicates that the information carried in the message (name, address,
etc.) is authentic.

Companies are a'so concerned about the potential for excessive taxation of the Internet. The U.S.
Federal government believes that no new discriminatory taxes should be imposed on Internet
commerce. It also believes that no customs duties should be imposed on electronic transmissions.
The application of existing taxation on commerce conducted over the Internet should be
consistent with the established principles of international taxation, should be neutral with respect
to other forms of commerce, should avoid inconsistent national tax jurisdictions and double
taxation, and should be simple to administer and easy to understand.

Companies are also concerned that government may over-regulate or censor the Internet, passing
cumbersome regulations that limit content or make too complex or unpredictable the ways that
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buyers and sellers can conduct business. The U.S. government supports the development of the
Internet as a market-driven arena, not aregulated one. This means that governments should
refrain from passing regulations to govern the Internet. Where possible, rules for Internet
behavior should be set through private collective action rather than government regulation. The
aim of these rules should be to empower consumers to protect their own privacy, control the
content they see, and protect themselves against inappropriate commercia behavior. Competition
and consumer choice should be the guiding principles of Internet commerce.

Some companies are concerned about the Internet's performance and reliability. Businesses that
have conducted Electronic Data Interchange transactions over private value added networks
know through experience that important information will likely arrive at its destination, on
schedule, and intact. If problems arise, a single network service provider is accountable and
responsible for resolving them. The Internet offers no such guarantees. As a public network of
interconnected networks and service providers, there is no single entity responsible for ensuring
that a message leaves one point and arrives, intact, a another.

Consumers

Most Internet purchases are currently made by entering credit card and delivery information on a
computerized form and transmitting it electronically to the retailer. Even though consumers are
accustomed to giving credit card information over the telephone, many are reluctant to give it
online for fear that it will be stolen or misused. This reluctance is often cited as the largest barrier
to the growth of Internet retail trade. Web retailers suggest that this difficulty may be largely a
matter of perception and that over time concerns about credit card security will decline as more
people shop online.

The privacy of information provided by Web users or recorded as a user moves around the web is
also akey concern of individuals contemplating using the Internet for commercia and non-
commercial purposes. A magjority of respondents to a recent Business Week/Harris poll reported
privacy as the main reason they do not use the Internet. More than three-quarters of current users
say they would use the Web more if privacy were guaranteed.*®

A remote transaction, such as an online purchase, requires the provision of some information—for
example, the name and address of the purchaser. A purchase made online may trigger the
creation of a customer profile in aWeb merchant’ s database. Collecting data on a customer’ s past
purchases enables a company to personalize service, by informing a customer of the release of a
new book by afavorite author, for example. Some Web sites request that visitors provide
personal information upon entering the site. In exchange for that information, they may offer
"membership" services such as new product announcements or newsletters. An Internet user may
also unwittingly leave an electronic "footprint” of visits to different Web sites. In any of these
cases, the consumer may have little control over how this information is compiled or distributed.
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The U.S. Federal government is encouraging the private sector to establish codes of conduct and
self-regulation. It maintains that effective self-regulation involves substantive rules, as well asthe
means to ensure that consumers know the rules, that companies comply with them, and that
consumers have appropriate recourse when injuries result from noncompliance. Consumers need
to know the identity of the collector of their personal information, the intended uses of the
information, and the means by which they may limit its disclosure. They should be given the
opportunity to exercise choice with respect to whether and how their personal information is
used. Companies creating, maintaining, using, or disseminating records of identifiable persona
information must take reasonable measures to ensure its intended use and must take reasonable
precautions to protect it from loss, misuse, ateration, or destruction. In addition, a consumer
should have the opportunity to access, in a reasonable and appropriate manner, personal
information that has been compiled by a company, and should be able to correct or amend that
information when necessary.
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GROWTH OF INTERNET USAGE

Internet usage is difficult to measure. A person may have access to the Internet, but not use it, or
have full access but only use basic applications like e-mail. A person may have multiple Internet
accounts—for example at home and at work or school. Alternatively, a user may not have an
account at all and instead use the Internet at alibrary or acyber café.

Due to the rapid growth of Internet usage, estimates of the number of people online in the United
States and worldwide are released regularly.** Estimates ranged from 51 million to 62 million
people online in the United States, to as many as 101 million people online worldwide in 1997.%
While absolute numbers may vary by source, few analysts disagree that Internet usage is growing

rapidly.

A 1997 CommerceNet/Nielsen study of Internet users in the United States and Canada suggests
that recent Web users are younger, more highly educated, and have higher household incomes
than the population as awhole.*®

. 48.0 percent have an associate college degree or a higher level of education, compared to
28.3 percent in the population as awhole.

. The average age of recent Web usersis 34.5 years, compared to 43.5 years for the
population as awhole.

. 33.9 percent have household incomes of $60,000 or more, compared to 19.5 percent for
the population as a whole.

Recent World Wide Web users use the Web for avariety of purposes:

. 53.1 percent use it for personal reasons, 23.2 percent for work, and 22.3 percent for
school.
. 33.4 percent have used the Web for business purposes, with business activities ranging

from gathering product and service information to selling products and services (Figure 2).

A more recent survey conducted during Fall 1997 indicates that use of the Web for business
purposes had increased in essentidly all of the categories shown in Figure 2. Furthermore, by Fall
1997, 10.1 million people (16.1 percent of recent Web users) had made purchases online up from
7.4 million six months earlier.*”
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Access For Everyone—
Universal Service
Figure 2. Using the Web for Business The demographic statistics point
to one of the challenges of the new
era of communications—making
sure that al segments of the
population have the opportunity to
use these new technologies.

Sales

Customer service|

Vendor support
Purchasing

Internal communication|

The United States has along

history of supporting “Universal

Service’ in telecommunications.

The concept in general terms was

. 5 o w0 o w written into Section 1 of the 1934
g i ot ncin Communications Act:

Source: CommerceNet/Nielsen. Dec. '96/Jan '97. Internet Demographic Survey.

Publishing

Research competitio

Collaboration w/other:

Gathering information|

... to make available, so far as
possible, to al the people of the
United States arapid, efficient, Nationwide, and worldwide wire and radio communication service
with adequate facilities at reasonable charges ...*8

The extension of the universal service concept to ensure that information resources are available
to al at affordable prices was akey goa of the 1993 National Information Infrastructure:
Agenda for Action.*

The 1996 Telecommunications Act provided the legal framework under which the expansion of
the universal service concept became possible?® The new framework created opportunities for
greater investment in high technology communications, networking, and Internet access at
schools, public libraries, and hospitals, particularly in poor and rural areas.® The structure for this
expanded universal service was established in May 1997 viathe Federal Communication
Commission’s Universal Service Order. Beginning January 1, 1998, up to $2.25 billion annually
will be available to provide eligible schools and libraries with discounts, ranging from 20 percent
to 90 percent, for al telecommunications services, Internet access, and internal connections. The
level of these “E-Rate” discounts will be correlated to indicators of poverty and high cost for
schools and libraries.? Universal service provisions will also provide support for public and not-
for-profit health care providers who do not have access to the Internet on alocal dial-up basis and
who presently have to pay to charges to reach the Internet.

While there is still much more to be done to ensure widespread access to the Internet and other
advanced technologies, important first steps have been taken. For example, programs such as the
Telecommunications and Information Infrastructure Assistance Program at the Department of
Commerce have been established to facilitate the creation of public-private partnerships to bring

A2-10



advanced communi cations technol ogies to communities throughout the United States. Federal
grant money from this program, combined with private funds and volunteer work by people at the
grass roots level, has already brought advanced technologies to schools, police stations, and
community centers that might otherwise have been left behind.?
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ACCESSING THE INTERNET

A connection to the Internet requires an I nternet-enabled device and a communications link to the
Internet. Together, they play a critical role in determining which electronic commerce goods and
services a person can access. Various companies are bringing new Internet-enabled appliancesto
the market, giving consumers a broad range of options for connecting to the Internet. These
technologies may compete directly with the PC as the main household Internet access device and
include network computers or Internet television, or access may be bundled into other
communications devices, such as telephones, pagers, or handheld computers. At the same time,
technology options enabling faster connections to the Internet for residential users are expanding
and becoming more widely available.

THE COMMUNICATIONSLINK—THE IMPORTANCE OF BANDWIDTH

The delivery of e-mail, images, software, or any other electronic product or service depends on
the capacity—that is, the bandwidth—of the telecommunications system. Bandwidth, measured
in terms of bits per second, determines the speed at which data can flow through the computer
and communications systems without interference.”

In smple terms, communications networks operate by converting text, images, or sounds into
numbers, sending signals representing those numbers across the network, and then converting the
signals back into text, sounds, or images. For example, on adigital network, information (text,
picture, or sound) is converted into strings of ones and zeros (digitized) and then transmitted
across the network via signals (light pulses, electrical current pulses, or radiowave frequency
changes) that represent either ones or zeros. The bandwidth of the system is the rate at which the
signals can be transmitted without confusing the ones and zeros. As Michael Dertouzos, the
Director of the MIT Laboratory for Computer Science, describesit, if we were sending smoke
signals, the bandwidth would be the rate at which we could flap our blanket and till be able to
distinguish the individual puffs of smoke. If we flap too fast, we end up with a column of smoke
that means nothing.?*

In the early days of the Internet, most messages were simple text that did not require large
amounts of bandwidth. However, following the advent of the World Wide Web, the desire to
transmit information requiring large amounts of bandwidth—images, sounds, software, streaming
video, telephony, and so forth—increased rapidly. A fast/high bandwidth connection can make a

" A hit (binary digit) isthe smallest indivisible unit of digital information—either a one or a zero. One
byte = 8 bits. Kbps = kilobits per second = 1,000 bits per second; mbps = megabits per second = 1,000,000 bits per
second; gbps = gigabits per second = 1,000,000,000 bits per second.
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vast difference in a person’s willingness to access products and services electronicaly (Table 2).
An Internet user probably will not spend 46 minutes waiting for a 3.5-minute video clip
(approximately the amount of video represented by a 10 megabyte file) to download, but would
wait if it took only a minute or a few seconds to download the same file.® Thus, the bandwidth
of aconsumer’s connection to the Internet is a prime determinant of the products and services
that can be delivered electronically.

Many businesses aready have access to, and resources to afford, high-bandwidth connections
through various dedicated services now available from Internet Service Providers and loca phone
companies. Generaly, however, residential users are constrained by low bandwidth connections.
Residential userstypically access the Internet via a dial-up connection using a 14.4 to 56 kbps
analog modem over anormal telephone line. During the fall of 1997, the mgority of U.S. users
connected at speeds of 28.8 to 33.3 kbps.?

The options for high-speed residentia Table 2. Transfer Speed Comparison for a 10-
Internet access are, however, increasing megabyte File
rapidly (Table 3). Analog modem speeds
have increased from a then state-of-the- Modem Speed/Type Transfer Time
art speed of 14.4 kbpsin 1993 to 56 kbps
in 1997. Integrated services digital 9.6 Kbps modem 2.3 hours
network (ISDN) technologies, which
offer faster access, have become widely 14.4 Kbps modem 1.5 hours
available, although without alarge 28.8 Kbps modem 46 minutes
increase in penetration for Internet use. _
In 1997, trials of various Digital 128 Kbps ISDN 10 minutes
Subscriber Line (DSL) technologies were 1.54 Mbps T-1 connection 52 seconds
initiated.”’

4 Mbps cable modem 20 seconds
Cable TV companies are in the process
of upgrading their infrastructures to 8 Mbps ADSL. technology 10 seconds
enable 1.2 to 27 mbps share_d capacity 10 Mbps cable modem 8 seconds
\ll\:t%réests??sg’sﬁe?) ;:edce; gg:;o::.:;” a fggr?c% F7050 CS Docket No. 96-496, 1997; ASDL from Werbach

and satellite service providers are dso
increasing—some of them offering high-
speed access for residential users.
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Table 3. Major End-use Internet Access Technologies

Technology Downstream Upstream Penetration Comments
POTS—*HMain 14.4-56 kbps 14.4-56 kbps 94 percent of homes Requires no additional
Old Telephone have POTS services. telco investment and
Service” (analog only a computer and
voice telephony) (inexpensive) analog
modem at the user
premises.
ISDN—Integrate ~ 56-128 kbps 56-128 kbps Approximately 70% of  New pricing,
d Services Digital access lines are now standardization,
Network éﬁg i;b%se%?)d e éﬁg i;b%se%?)d e capable of supporting marketing efforts may
b b ISDN, but less than increase penetration.
5% of Internet
subscribers use ISDN.
xDSL—Digital 384 kbps (SDSL) 384 kbps(SDSL)  Significant deployment Commercial ASDL
Subscriber Line of SDSL and HDSL deployment by most
768 kbps (HDSL) 768 kbps today for corporate telcos planned to begin
(HDSL) networks and T1 in 1997.
services.
1.5-8 Mbps 1.5-8 Mbps
(ADSL) (ADSL)
Cable Modems 1.2-27 Mbps 128 kbps-10 Commercialy Several companies
: Mbps (shared availablein 1997. have deployed
(shared capacity) capacity) or infrastructure.
POTS line used
for upstream.
Wireless 28.8 kbps 28.8 kbps Some technologies Actual bandwidth will
under development depend on
(300 Mh2) (300 Mh2) that could provide environmental factors
15Mbps—Loca 1.5 Mbps wireless Internet as well as details of
Multipoint (LMDS) access. deployment.
Distribution
Service (LMDS)
1.5 Mbps— 1.5 Mbps
Multichannel (MMDS)
Multipoint
Distribution
Services (MMDS)
Satellite 400 kbps POTS line used DirectTV® available.
for upstream Several other systems

under development.

Source: Primarily from Werbach, Kevin. “Digital Tornado: The Internet and Telecommunications Policy. Federa Communications Commission, OPP
Working Paper Series, #29. March 1997. p. 75.

A2-14



Communications carriers have also dramatically increased bandwidth by: (1) increasing capacity
(e.g., laying more fiber and cable, launching more satellites); (2) upgrading to a higher bandwidth
infrastructure (e.g., replacing cable with fiber, upgrading to faster electronic switches);

(3) developing technologies that squeeze more bandwidth out of the existing infrastructure (e.g.,
asynchronous transfer mode, wave division multiplexing); and (4) devel oping compression
technologies that squeeze data into fewer bytes. For example, new electronics that double the
capacity of existing fiber optic lines have been deployed every oneto two years. Inthe late
1970s, a strand of fiber could carry 2 mbps. By 1997, asingle strand could carry 10 gbps, afive
thousand-fold increase in capacity.?® According to Lucent Technologies, a single strand of optical
fiber today can transmit 400 gigabits per second, enabling carriers to build networks capable of
transmitting the equivaent of over 90,000 volumes of an encyclopediain one second.?

Internet Appliances

The Web surfer’ s options for gaining access to the Internet are aso expanding. Currently the
primary Internet appliance is the personal computer (PC). While the PC is not likely to disappear
as an important Internet appliance in the near future, additional devices will likely supplement it.
The two most commonly cited reasons for the limited household penetration of PCs, currently at
about 43 percent, isthat they are expensive and difficult to use.®* Not surprisingly, new and
proposed Internet appliances, such as Internet TVs and smart phones, are based on familiar
consumer electronics that non-technical consumers will likely find less intimidating and easier to
use than the PC.

The Internet TV usesa TV asits monitor and a set-top box to connect to the Internet viaa
telephone line (or potentially acable TV network connection). These products take advantage of
the existing penetration of televisionsin U.S. households (98 percent) and the consumer’s
familiarity with set-top boxes, which are used to unscramble premium cable channels in many of
the 66.2 percent of U.S. households with cable television.® Internet TV promises full browser
capabilities, the ability to download and save information, printing capability, and e-mail (via
either an on-screen key board or awireless keyboard). The first moversin the Internet TV
market offered Internet access via a special Internet service provider as a separate TV channel.
Next generation offerings promise interactivity that will enable a Web surfer to watch a TV
program and simultaneously interact with that program via the Internet connection. Video game
consoles are another popular consumer electronics device with potential as an Internet appliance
for connecting the TV to the Internet from the home. A number of video game manufacturers,
such as Sega Enterprises, Ltd. and Nintendo Co. Ltd., are introducing Web browsing capabilities
into their game consoles.®

The telephone, another wide-spread and easy-to-use household and mobile appliance, is aso
becoming a popular medium for Internet access. Cellular and Personal Communications service
providers have developed smart phones—wireless tel ephones capable of browsing the Internet
and sending and receiving e-mail messages.® Alphanumeric pagers are becoming “information
delivery devices’ capable of receiving sports scores, stock quotes, news and weather updates, and
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e-mail delivered from the Internet.* Some Personal Digital Assistants (PDAS), personal
organizers, and handheld PCs are also capable of receiving Internet messages, such as e-mail.

Therise of abroad range of Internet appliances does not point to a decline in the use of personal
computers. Computer prices continue to fall, reducing the price barrier to the spread of their use.
Some now cost less than $1000. At the same time, hardware and software companies have been
working to make them easier to use.®*® The emergence of new appliancesis just one facet of the
complex evolution of the information technology industries. For example, a the same time that
Internet TV is offering Internet access, PCs are able to receive TV broadcasts (albeit usually of
primitive picture quality due to bandwidth constraints) transmitted over the Internet. Similarly, a
PC can be used to make telephone calls over the Internet. Thus, as consumers are being offered
new technologies to browse the Internet or access Internet e-mail, the Internet is becoming a new
way to access familiar services, such as telephone service or television broadcasts.

Text Box 2. Telecommunications—An Industry in Transition

The large scale changes that are taking place in the telecommunications industry are important
to the Internet because the infrastructures are largely intertwined. Internet backbones are
typically high-speed communications lines leased from telecommunications companies.
Internet traffic travels over virtually all of the interconnected telecommunications networks.
Furthermore, many telecommunications companies have expanded to provide Internet access
services.

Since the 1980s, telecommunications in the United States have undergone a process of
deregulation that has brought increasing competition to the industry. Until the early 1980s,
American Telephone & Telegraph (AT&T) served 80 percent of U.S. telephone lines under a
regime regulated by U.S. State and Federal governments. 1n 1982 the U.S. courts acted to
break up the AT& T monopoly and in1984 the AT& T divestiture created a system of
competitive long distance markets and monopoly local services. Thiswas the beginning of an
era of telecommunications deregulation in the United States.

In 1996, Congress passed and President Clinton signed into law sweeping legislation of the
communications industries—the Communications Act of 1996. Thislegidation callsfor
increased competition among telecommuni cations companies and contemplates an end to
different and separable communications markets defined by regulation instead of competition.
The Internet embodies the purpose behind this goal—Internet networks make no distinction
between text, images, sounds, or video.

Around the world, other countries have aso taken steps to deregulate, privatize, and increase
competition in their telecommunications industries. These steps include the recently signed
World Trade Organization agreement on basic telecom services, which was agreed to by 72
countries, which will accelerate liberalization and deregulation of basic telecommunications
services.
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NEXT GENERATION INTERNET

In October 1996, the Clinton administration announced its support for the Next Generation
Internet (NGI) Initiative, an initiative to provide funding to academic, government, and industry
research communities to advance research into experimental network applications, services, and
infrastructure. The Clinton Administration’s Fiscal Year 1999 budget allocates $850 million for
research and development for the Large Scale Networking and High-end Computing and
Computation research and development program. Of this proposed funding, $110 million will go
to the NGl Initiative.®

The NGI will enable the development of high-performance test networks among research centers
to “provide system-scale testing of advanced services and technologies and to support testing of
advanced applications.”*” Two NGI goals are to develop a broadly based network that will
connect research institutions across the country at end-to-end performance speeds 100 times that
of the current Internet and to develop an ultra-high-speed network among a select group of
institutions that will function at speeds 1000 times faster than the current Internet.®

The NGl initiative will also work in conjunction with networking projects, such as Internet2, a
collaborative effort by more than 100 U.S. research universities to create and sustain a leading
edge network for developing network engineering and management tools and broadband
applications for advanced research and education.®

Thus, as in the development of the early networking technologies that foreshadowed the Internet,
the next generation of networking technologies will likely stem from study of pre-competitive
technol ogies by the academic, government, and industrial research communities. Thisresearch
will provide afoundation for a faster, more reliable, and more secure public Internet in the future.
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CONCLUSION

During the 1990s the Internet has grown dramatically, both in terms of the number of computers
connected to it and the number of people using it. This growth has been so rapid that it is difficult
to gauge it with precision; however it is clear that the Internet is becoming an important medium
for communicating information and conducting commerce.

Ten million people in the United States and Canada have already used the Web to purchase a
good or service online. A great many more use the Web to gather product and service
information before making an offline purchase. Many companies use the Internet for
procurement, customer service, sales, and other key business processes. Consumers are being
offered faster connections and a broader range of devices to connect to the Internet. In addition,
new and proposed Internet appliances, such as Internet TV's and smart phones, will likely make
the Internet easier and less intimidating for non-technical people to use.

New research has been proposed and is underway in government, academic, and private sector
research communities that foreshadows the next generation of networking technologies. This
research promises a strong foundation for a faster, more reliable, and more secure public Internet
in the future.
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